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Introduction
This report presents the results of zircon uranium-lead (U-Pb) geochronologic analyses of 24 rock samples collected and analyzed in support of the "Bedrock Geologic Map of Vermont" by Ratcliffe and others (in press). The samples in this study were collected from mapped exposures identified while conducting either new, detailed (1:24,000-scale) geologic quadrangle mapping or reconnaissance mapping, both of which were used for compilation of the bedrock geologic map of Vermont. Nearly all of the collected samples were judged to be igneous rocks (either intrusive or extrusive) on the basis of field relations and geochemistry. The one exception is the Okemo Quartzite on Ludlow Mountain. Sampling rocks of uncertain origin was avoided as much as possible.
These geochronologic data were used to supplement regional correlations between igneous suites on the basis of similar geochemistry and geologic mapping. The locations of the sample sites and the assignment of the rocks to mapped igneous suites and their members are shown on the "Bedrock Geologic Map of Vermont." The geographic coordinates specifying the location of each sample are approximate and were either digitized from point locations shown on the 1:100,000-scale geologic map or located in reference to cultural features visible on satellite imagery (Google Earth). The coordinates were not obtained by a global positioning system (GPS) receiver.
Geochronology Analytical Methods
Rock samples weighing approximately 10 kilograms (kg) were collected from outcrops in Vermont. After the rocks were crushed and pulverized, the material was processed over a Wilfley table to concentrate heavy minerals. Further processing included separating the ironbearing minerals on a magnetic separator and concentrating those minerals with densities greater than about 3.3 g/cm 3 by sinking them in methylene iodide. Individual grains were handpicked using a binocular microscope, mounted in epoxy, ground to nearly half of their thickness to expose internal zones, and polished sequentially using 6-µm and 1-µm diamond suspension. All of the grains were imaged in transmitted and reflected light using a petrographic microscope and in cathodoluminescence (CL) using a scanning electron microscope (SEM).
Before 1993, zircon samples from Vermont, including four in this study, were dated by thermal ionization mass spectrometry (TIMS). Beginning in 1993, Vermont zircon samples, including 20 in this study, were dated using the sensitive high resolution ion microprobe (SHRIMP). This work was performed using the U.S. Geological Survey/Stanford University SHRIMP-reverse geometry (SHRIMP-RG), SHRIMP II at the Research School of Earth Sciences (Australian National University, Canberra), or SHRIMP II at the Geological Survey of Canada.
The TIMS analytical procedures followed methods described in Aleinikoff and others (1996) . The zircons were abraded (Krogh, 1982; Aleinikoff and others, 1990) to remove overgrowths and metamict areas. Next, the zircons were dissolved, and uranium and lead were extracted from the solution for isotopic analysis. In some cases, the material removed by abrasion (dust from an area referred to as the "rim" in the four TIMS concordia plots) was collected and analyzed separately in an attempt to determine the metamorphic age. Because subsequent CL imagery and SHRIMP analyses showed that many samples had multiple ages of metamorphic overgrowths, the TIMS analyses of this dust probably represented composite (or mixed) ages, which are likely to be geologically meaningless. Nonetheless, the data are shown for an historical perspective and to indicate that younger metamorphic rims were present in these samples. The data were reduced using the PBDAT program (Ludwig, 1991) and plotted using Isoplot 3 software (Ludwig, 2003) . Three samples of zircon that were previously dated by TIMS (Ratcliffe and others, 1991) were subsequently re-analyzed by SHRIMP (tables 1, 2).
The SHRIMP analytical procedures followed the methods described by Williams (1998) . The locations of the analytical spot (about 25 to 35 µm in diameter and about 1 µm in depth) were determined using (1) CL images to distinguish igneous cores and metamorphic overgrowths and (2) transmitted light images to avoid imperfections, such as cracks and inclusions. The crater was excavated using a primary oxygen beam of about 4 to 6 nanoamps (nA). A magnet cycled through the mass stations five times per analysis. Raw data were reduced using the Squid 1 program (Ludwig, 2001) or Squid 2 program (Kenneth R. Ludwig, Berkley Geochronology Laboratory, written commun., 2008) and plotted using Isoplot 3 software (Ludwig, 2003) . The measured 206 Pb/ 238 U ages were referenced to zircon standard R33 (419±1 Ma; Black and others, 2004) . The uranium concentrations were considered to be accurate to ±20 percent. U-Pb data were plotted on concordia plots to visually identify coherent age groups. For Precambrian samples that might have suffered minor lead loss, ages were determined by calculating a weighted average of selected 207 Pb/ 206 Pb ages; for Paleozoic samples, ages were determined by calculating a weighted average of selected 206 Pb/ 238 U ages. Plots of weighted average calculations are shown as insets with concordia plots. In some cases, concordant data sets permitted calculation of a concordia age (Ludwig, 1980 (Ludwig, , 1998 , as noted on the figures.
Results
The U-Pb zircon geochronology results of 24 samples are presented chronologically from oldest to youngest. Information about the locations and lithologies of all samples is listed in CA, concordia age (Ludwig, 1980 (Ludwig, , 1998 Pb-correction method, which is based on a model by Stacey and Kramers (1975) . Decay constants from Steiger and Jäger (1977) . 3 1σ errors. Table 4 . Thermal ionization mass spectrometry (TIMS) uranium-lead (U-Pb) data for zircon from rocks of Vermont.
[Abbreviations: A, abraded; C, colorless; E, elongate; Ma, millions of years (mega-annum); mg, milligrams; Mg, magnetic; NMD, nonmagnetic, diamagnetic; Pb, lead; ppm, parts per million; U, uranium. The term "dust" refers to rim material removed by abrasion] Figure 1 . Conventional concordia plot of SHRIMP U-Pb data for zircon from hornblende diorite gneiss at South Londonderry, Vermont. White-filled error ellipses represent data from oscillatory-zoned cores used in the weighted average calculation of 207 Pb/ 206 Pb ages (see inset) for determining the time of emplacement of the igneous protolith. Gray error ellipse represents an analysis that overlapped an igneous core and metamorphic rim, yielding a geologically meaningless mixed age. Abbreviations are as follows: km, kilometers; Ma, millions of years (megaannum); MSWD, mean square of the weighted deviates; SHRIMP, sensitive high resolution ion microprobe; WGS 84, World Geodetic System datum of 1984. Figure 23 . Tera-Wasserburg concordia plot of SHRIMP U-Pb data for zircon and monazite from the Black Mountain pluton, Vermont. In plot to left (zircon data), white-filled error ellipses represent data from low-uranium oscillatory-zoned cores; pale-gray error ellipses represent older 206 Pb/ 238 U ages that are due to a very high uranium concentration (10,177-30,266 ppm; table 3), which caused matrix effects (Williams and Hergt, 2000) that resulted in inaccurate analyses. Age was determined by (1) calculating the weighted average of the low-uranium 206 Pb/ 238 U ages, (2) calculating the weighted average of the high-uranium 207 Pb/ 206 Pb ages, (3) calculating a combined weighted average of the ages from (1) and (2) (see inset). This age was interpreted as the time of igneous emplacement. In plot to right (monazite data), the concordia age was calculated for data from sector-zoned cores, represented by white-filled error ellipses (n=23). The age agrees with the zircon SHRIMP U-Pb age. Gray-filled ellipses (n=5) represent data from unzoned rims, suggesting a slightly younger, post-crystallization thermal event.
Slightly older ages of about 375 Ma, represented by two horizontally ruled error ellipses, may be due to inheritance. Abbreviations are as follows: approx., approximately; Ma, millions of years (mega-annum); MSWD, mean square of the weighted deviates; ppm, parts per million; SHRIMP, sensitive high resolution ion microprobe; WGS 84, World Geodetic System datum of 1984.
